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BULK ACOUSTIC WAVE R.lr:S0NA10R AND C1RCU.rr COMPRISING SAME 

TECBMfCAL FIELD 
This r-'j.'i'cxv. apphcanon de^cnb^-s a ?c\soi^au^5 wp«.ia5:r£ \^iih bulk aCt*UNUc wax c>= 
(or FBAR, Thin Film Bulk Acoustic Wave Resonator), also kaown BA W" resooaior 
(Bulk Acomiic Wave Resonator), as well as a circuit constructed of such rcsonato^-s. 

BACK(3R0(iND 

BAW resonators are suitable, in particukr, f^>r band-pM^ higi>t^ filters in 
modem liiter technology, and can bo used, for esapploj in mobile commmncation 
devices. 

A rec..-'nat»M' operalnig with bulk acoustic %vave& has a piexodoctric lav or that is 
disposed betsveen two metal la>crs (electrodes^. A sequence of layers can also be used 
instead of onI> < nopiezoclectiie layer. The layer!* are deposited ccmsecuiivelv on a 

.ii,d logcL'ie: c'-,T5 aMi^tituic a vdici circuit, ftu CKampsC. c^:ec.a ,x a l\iru'p,*oN /iter Such 
a band-pas^ fdter can also be used togetliei- with a^iotiicr filter in a duplcxor. 

r?;:,,; oho'<.s^ «'u or < . ^ ^' .?.AV\.o^, .au>. ^ ?i 0 . 

uoHuencyrasge suxroi n&nv> toe "t5>>'>raju tieqi t;jiK'>. Jie sesona;i>i cna"aciv" /^'u o\ s 
static car»acjicr Cf s^ndv in proximity to the resonant freqaei cy, by the cooncciion in series 



^ , i \ ^ 

vs^L ^ I cjvsoiavisu accdK' tt d the ^ v k^^* * t 

itjsc iiL so , dv.'Nv.'-jbs.s Id sts iu the c oridlv 1 k 1 e ^^n^ ci j a 

iv^ductHt, '•csisn r 1 J, dcjtcjmu e the *x,sona it f cquencN i-at k 5 v 

J* c'-nrrc'" c toaph i» of tl c re onator ihi louplugoov Iko (. s ? iJo^ is 

1a \kc& to t\ c ^osonajit ircquencv i and tlie smtct, nox * i <^i.iacnv> i vs ^ t^v.'^ 

A band-pass tiller is chai-acterized by a ti'ansfer tiuiction that has, in particular, a 
tTsnsmissioft band and several stop bands. The ti'ansmission basid is, in ami, characterized 
by its bandwidtli, fee insertion atteniiation in the transmission band and the edge steepnaiss 
at the ixige of the tra|ismissic>n baad, 

I * V L i 0 s "sR an 1 SR^ {^ji di. ; cit ^cl t? *, s 5 s t 
t stK riv toupled \M'h oit am ihe^-ii, foi example ti cs ar;? aianced n a s,avk m top 
^ tuv-anoihw In hsujmi4.ctioi>,^h(.iewnatois loma^svnsjsconi^ctvs Vl^^crop poi^ 
Pi 51 \ Kkt. \ i. \shi m ij ):<.j tn? "s \ 

5T>pf.r tktt <. it. >. " ci hv, xo\%c tcso i"itoi md the lov^t.? ckaroCc ^'^ oi he appci 



tesoudto . aflct sxd dcctiodes axe lionnectof* to grouiid (isiv igvjrc ^; \ .C5>cr i 
Figure 1 conpmcs » nc/ocicc n*. a\ci Pbl, "hith is>.uK'>.i CvU\!\^^C!'' . \' s 

arr -iged ih.\i c«^njpriscv a piwoUectnc layer PS2, winch 's aiiai^gcdbcnscofi clsXticec 
L2 a J a 1 electrode E3. Flccl'-ode I- 1 is coimected to port PI vk'c^odc I; 3 to ; v^i a' o 
electrode E2 to grovind. 

The layer system shown in I-lgprii? 4 incliides a first resonator arremged oa s carrier 
Bbsin tc IS, ( couph ig la>e K.S disposed abo\e u atid a second icsOKator ^^r^ngcC 
^bo\e the coupling la>crKS > \ s u si ^ s iki- > . i>uc-^ar*. 
s u>rnuted bttwtea pojt 1 1 and gjou id the secona os.^ a.{o- ^onu .i*- , . s t bu\v i to 
U»p) t\-vo ^ktiTodes F3 and L4 and a p^e/ockcinc Uyt PS2 i.r-<in^ui beA% ecn "^aid 
cV'ttTodcs, *hc second rt«tOi ato beu-^g ujnnectcd bet^^ cer port P? and grou.td 1 Ik 
voupimg la\.e5 KR jiiaigcd bctucon said rcsoi ato !» p o'^idei* to aoousJ c cojsLng 
Derweeiv these resonaiors. 

Filters conststicted of acousticidly coiipled resonators are £harse^edi^ed by a high 
stop band suppression. However, the edge steepiness aitd, witli it, the adjscsmt chamel 
selectivity are comparatively low, due to tlie absence of defined polo posiiidriS Iji 
proximity to ths pass bajid. 



^ ) Si > i s\ 
V, s ij U t \ "* 

1 he adv ^ ^U£»t. At Iu^kc l>pc aim i^tnt of iht '•o^on to r b j )0 p n'm-sK v n 
pbanaaad his <. « sn-.siv.> ha ^ ^ v\ 
^ J pk K \ u 40 a d 6<> u > I <. s * * 's * Ittt 

5 arrange ni.n .Ovladvs a lo-vi ta|,c tv<,pnes of tlie iransmiss x r ma ^ < 1 soi 

nia\ bt tfiuil* ft i n ie o* fltvr ar i ngome t to a^hic e s t*kiet ^ rtci i U on -it «x 
signal in the stop ba«d isi proximity tb the transniissioil band. 

Considerable edge steepness is required in some applicalions. In the case of 
10 dupiexeirs that aie suitable for tite PCS telecommiimeatitms staDdard, for example, a 

decline i^i Ihs transnv;>;c!ii^n riuicnon ih>m ca. -? dB to signitkaritl)- below -40 dB within a 
frequency range oi'oniy 20 MHz must be guaranteed. Prc\ !0U5i>- knc-^ n baud-nnss iiiiors. 
wliich arc coniitracted oi'BAW resonators, i?iay not satisfy suds rcqaircn-scnt:;, duo to 
additiofial frequency sM^s in the edges in response to temperatijre diasige or as a resdl of 
1 5 existing production tolerances (which, in the ease of a fdter operating ai ca. 2 Qliz and 
having BAW resonators that contain a piezociectric layer of ALN, can imtomit to several 
MHz). 

}\ If? InO'Vvi^, from the reference HP 094^15( that a j»erics oonnectio^n ci MXicked 
20 reso^^^^ .'^ ^ s.^^-'l^ , ojy cc* \\:t'> stne another, as well na 4ddiU>>nal roson?itorts snsttsad 
of onlv ore ^oso^iator A\ u iiUo^ cncait. u \pio\ es edge <5iecpness in the tran^^t^iisjiii r. nand 

_4-. 
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of ttie filter. The disadvaniage of this solution, however, is that, it r^^uircs a great deal of 
SUMMARY 

5 This? paitut appliuaban describes a resonator operating \«-ith bulk acovisl^c a s-es 

falso known { ^ BWV resonator - IMk Acoustic Wave Resonator - oi FBAR - Hi?r ¥\lm 

fao rol.o\^i .users ''.s>t Use icgion iUaX umpv.scs a i'kvUovit,. aL .^jV... ..n^-. 
reyon th&i a>mpns«s a second ckctrodc and, between the Xv^q, a piv^oclectni; kver. A 
I D capacitor is cormecied in parallel or in series to the i^sonator, 

Ueconntaunu pajalic ofdBA'A Kso'iikn an*. dt«pauto'-l ^ ku- 
kOV^ T-vSi^nalor laiu^es the ctfcctnc *,oiipung ot the BAW .c^na n < k ^ t ^ 
di>tans,e bclv^ecn Hie ti-^onant and antircfconant trequcnc^ >>1 the rtso.u oi), r that the 
15 vffeu vvfet^ic vapacitorCSiJ^ increased C't Cg Q In tks connexion hv* '■esonaiit 
' t,^us,nw\ I ^\ n s*.'-^. ic^fn mv.(„ o Icn ^-^ vi <• s < i 

usun. ) t, c I 1 u „, f „ aid R,J {UT a. j^n }v gv.u c * c liv. ai' 
frei|uency of the (noa-comieirtixi) resonator, It- contrast, the ajitsresonaiit 

Irequency (paraOel resonance, or the resonant Irequeiicy oi Sie paralid 

20 resonant dreuit tbmiM by C'??, C^y and R^O is lower tiiaii tlie antiresQnant ftsquency 
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■ ^ * ■ (parallel resonance, or the resoBai^t fysqmmy of the paxslkl resonant 
eircult fomied by €», Cm, L,^. md R,sj) of the (tion-eoanscted) resonsmr. As a resull;, the 
edg© steepness of a bimd-pas? liUet comprising such 8A W resojvators Is incressed, 



connected '•csonator reduces the ctlfcctn c coupling of a BAW a'Si^natoi (that is. ti-^e 
d{<5tancc beuvc-ca the resoaant md thv antsrcssonant ticqueacv of tlie rcsonatoO In the 
conntcttcp, :hc ari.'^esoiunl necjeiuy f., oi the .".ror.tt (txT 0 e ^■'\>ncs,, {r tht resonan; 
Vvjcjorcv t>o ;w5aFvC rcv^i^oiit cjrcwt toi.-nod by C„ C^.^. u\d sv-j) "tnia n- 
ojKn:.\gCu . .li. s c to t'lo antiresonant tiequencj i , of ihc :cso*".ac:\ * '.'i nr 

V :e 1 osoa.*.!* ."0^ t en*. \ (su x ro^o...^.^ o, Oi .ne i oso-^ ,j 

^:v.ca^iV^v of the scnal resonant Circust formed by Co, I^i and ofthc ciram is 
mght-r ihan the r«,sionant frequency f, (scnes resonance, or tlie r^^t nart frequency of ihe 
Ncn - ,;su' .ai/ ou- jj: *b:ried by C,^ 1 ap<' R v.) of ihe rtssmiati - . . , > rc ed|-c 
MvCpjiesN of a ^aad-pass tiUer composing such BAW rcsonaiois is n.cjca^ca 

h a-^ I'siibodmicntj tfK resonator is arranged o i a carrier stih-stratc. It ts also 
posiiib'c to ixTuxxp, the lesonator o%"er an mr gap provided m ti^e cam^^r substiate. 



' t- M Lie second eSccircdc 'I'Lk^vtc c c.v .i,aJ> v^ . Js v. 
s«eh as a metal or a metid alloy. 
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pezoeleetfic properties. 

It Hull iic Oksl a;i;.I''o; the ■iCt.N'nid t^'oc'^rade b.iv ;s siiiilnKjse^ stnscturc 

couipnscd ct tvvo or mort; .Kljacent layers of diiicrent n3:itcriak. It ss JstJ p^>psib1c \hsi ihc 
pksioeieetj-ic layer ia tiie resonator comprises two or mors adjacent or sspariatsd layers of 
differes^t materials. 

It is poSsSiMe that* additionally, a layer resii?taiit to dieleclTtc discharge is asxajigei! 
between tli<! fet mid liie sesxjsd dectrode, where the layer protects tho resonator against 
electJ^icaremg between tlte eie^^^^ 

The cOi-sricvlitiri ^'fa capacitor in parailel to a F^AW rosoviator can be aconripHsljed 
in a fiiter conBtructod, for CKauiplc, in a iadder-type coii&iruotion. a Uutice-type 
constniction or as art SCF (Stacked Crystal Filter), as well as of any combination of BAW 
resonators. 

It is possible to pro^ide for tiie connection of a capacitor in. parallel to a BAW 
resonator in only oiie serial bfimclt or in a plurality of serial branclies of a filter, It is also 



possible to ^ icn^de lor the c<^nnct,tiOR oi o vupo.vito'' in p«Mlk' iv B \Vv rvso •s.no'- m 
Slter. 

in embociiments, llie value of Oie eajsatsitor coiinectec^ in i^rallej. to a BAW 
fesenator may be between 0,1 md 10 pF. 

It Is advantageous whe^n tiie coupling of tlie resonator is re4uc<sd only m the serial 
hmrxches or <.mly in the parallel branches of a tllter or a: tiaplexer by the counecdori m 
iwailel of tlie corresponding capseitors. 

It is possible to ii-npleinent the eapacitor comieeted in paralM to a BAW resonator 
by coi-mecting a: discfete capacitar in parallel to the BAW resonator; Another possibility is 
to reali'/.'..' such n oapacilor in Ihc carrier substrate by structured n-etai hrvcr:5. ii ii? also 
possible 10 anange an additional dicleciric layer bciwcen the elcclrodei of the BAW 
resonator to increase the capacitaiice of the BAW resonator. This dielectric layer can be 
arrariged between tlie piezoelectric layer and one of the electrodes or betweeri two 
pieEoelectTie layers. 



\ V ) t \-> 

k ^t, as h IS poss bio lor example h\ enlaiyi i, ih(. vk^ro<*c --i avc i 
s cp c s ) tti l! *! 1 oi ^i!vr ic<«« at O v 

I 5SL St 5 c! i iCit, t d 1( 

>f- 

His osi> bit th<*t the lower andor upper Idvcr's-vg'OK. the^c^vio max fv,u^v, 

3 f t ?^ ^ |X ! ^ 

havmg auisrsm aeousue impedance, 

10 

ic-oubt'^, x\ a% c r *lit Kspt^ctiVc m<3i>-i il) \ht xco ^uc mirror I 3^ nK on«. a id o'^ « 
is "lax ihtv ol boundars surtaxes vthit^h it the ttsoiia it t'vquuK\ of thu awoasn*. 

it b 1 \ it '*<^«to ^dto^ lad pi event th«. a\«, horn !.->caf la n t iv i>iri,tiK)n 

carrier substrate, 

In a fertfeef atl vantageous embodiment, one of tfce kyers of tbe acou^ic mirror can 
20 siniy ltanstKJsIy coBstitute ons of said el cetrcides . 
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The asc oi\i BAW resonator whh a capacitor cownccte*.! in pm-uliel iu ihc circuit oi" 
a bar d~pass isller increases the edge steepness of the tmnsrasssicui band o: i i\^s:o-o,■^s 
tiltcr. a result, tlu. 'r5o:uj;}*:on oftisc signal is 'ncrcas^M ^'^ j .su-p h.-j:<K .';.-s.ira5iv 
lo i\ c Iransmisision btind. I Hls is advanusgcous iu the ca^c ii'aivaiu';i a di:pk'Xv.-r 
5 circuit kivirig smh a bmi4-pass Blteir. 

compnisC!! IciSv ^.o lOMi-.uitorsi <u:ai>goc on top oi i«k aroibcr oijJ oi^^-iaU;ig v,n> 5uk 
acoustic wav«s and at least cms additimal resonator or resonator stack havmg BAW 

10 rcsoTsators. Hach of the resonators operating with bulk acoustic waves compdscs a lower 
e1ccts\*ds;, an appcr electrode and a pKV<>cl<.ctr.o la^er jrr.r^^'d ^ct\>cers the t^\t\ lu ilvs 
conrcotiun, C'.' ■'vsv>nators arraiigo<l o\ lop ol anoiner in the rcsonv»tOf st&cn^ fonn a 
serial Cir-'neciioi>. v g.. ni a stacked CA^tal aua;igc«icnt (when both resonators have a 
shared cketrode) or a coupled resonator arj'angement (when a coupling lajcr is provided 

rs between the upper ela;trode of tlie lower resonator and tiie lower electrode of the upper 
resomtor). 

In th)-, connection, the uppci eicctiode of the lower rcsonatc>r ope Hirg ^\ ih h 'Ik 
V (.c^i sue \\c^ i nd t e li>\\ct dectiode ot tl e tapper -^cbtratcir t^pcu irig \%.th huh. <o.*^'uvl u 
20 -v V! ^. o ^ mj, ! ^ i * V vonncctca ith (tne onU 

o.eviodcso X u 'St vn^^ 'cdujo jvvondtor i^iwV.hato s*i.K\ 
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The rnoa on car be \iwcd as v» ban^ dnj^cm c-t i» Utk\r.ispe , iir ^cr t> ^* 
{1 Ihe ca«>c ef i smtablc conncctton s ot d hitUceAvpi. m^ngir leni ot 'ndn v jX. 

aTangetl on i(\ vio c aiiotlici m ? stack lealize t^vo scnaJ n,'-o or p i ^AtA 
cso uto s o1 vhe ladder4>i e arrangement or of the lattics-tjpc <OT.^:ngexon^ 't 5>Ka 

ov n< ^jd V.X-5C i\L \IM 'esorattr Jic l..udc -n ie xn^>n^v,"i Cu* ' uivfoc- 

A coiipUng layer may be provided betweea the txpp&t electi-o4e of the fewer 
resonator operating with hulk acoustic waves aiid the lower Olectn)<^e of the up|ser 
rcsoMtor operating with hulk acoiistic waves, which are arranged m the i-esoeator stack. 

'Die at least one addiUanal resonator can, tor exaiiipie, he a resonator mth bu!k 
JO. \v^\v.>^, a ^i.-.ornh'-x otioraimgwith acoustic surtace v^axcjj, tm I C resonator t»s a 
iOs(a. ro. as soccitcd abo%'e. 

Hie second electrode of the at least one additional resonator, which is not 

C'T^noctod to s^round or h> a $absu.|iie«t lewnaior ^nd vM U) a rci^oiuUisr ^ta^k nni vci 
speelSed. 



St)BST!TOTE SFEGiiflCATION: CLEAS VERSION 

The d 'cu't rcprcsients! ati adVfintsgeou>i combination of ttnlerejit liitci 
.uuj!V'>.5ro'\s - ihc ajianecnicnt ol list; roso-sat'^TN stvK^vod on k>p another and 
.KoiM.-^dWy .AMp.oG wun ojic another, as wcH as a i^ddcr-^xp-* .'irrangeTneiit uxxdor a 
5 laitiyc~i>f « an-anganent The transfer function of a filitT whokc basic ciemtint^ rcah/c Uio 
circuit, as compared with tha tmiisfer fmiction of a Sltcr constmoted of resonator stacks 
kmAvn if tbc .'^r; c\r b - - j't-epc? edges 5r '^■c tr-anxmis&itm baud of thv tliter. 

TiiK* results m good aducem channel sdcctivji> oftiic tlUcr, 

lii The circuit that mckidfes a re!5onator stack and a resunator dectdcail eonixected 

witliit as specifj# above ma comprise a Basic element of a ilter, 

I sx^^NOvIa li a us ')fparaU' esonators tnthon\ni<,h airaigeJ 
pciVd ki OiOx oi ditfere t baMv elcn cnt doaiicailv cnnnectea y^iii *.nc arc* vr, < re 
15 < astjc h voi ncUcd w h one ano hc^ and o' arranged o i tof ot on^ ^otK%,x K ?s al o 
N> s i J ort iCNon h>\ hi, /vt r I ' 1 "> ^ 

K on to 1' tivd tn :»ciiC'5 or in paralVx ire tcali/ed 

20 ' rosv )K v>~at -! th n oi h iwo ^e uH >.'>o > >rs are arratigsd on top of 

one anv> k C 't .>cou&.*ical!> coup' ed unb one a^wtliCi 



1 ic b<u5ic dlcn c ts ffihe dcijcnbcd ab^no cari be cnn:Jnu«^i v.\ith one arothci ni 

m iho U^Lo'v^rag. cr<budi;acn{s arc cxptuuia) r.i ^^rcaie- douiil on {be hassis ol' 
figures that are schematic siid, tberctbre. not true io scilc, 

nrsoR^rnox of 11 if tjra.wsxus 

Fjgiirv 1 sh<s\\s an cquixaknu circuU diagra^ii B.WV resoisaior. 

Figure 2 shows lbs mem dm^mn of a resonator stack. 

Figure 3 shows a resonator stack witb acousticslly cxtupkd BAW ixjsonaior^ in 

r .guro \ ^h^'^vs another example of a resonator stack with acoissUcaUy coupled 
(3AW fC:jGnatord and a coupHng layer in schematic cross-section (staic of the an) . 

Figt^re 5a shows an aiiiivalent drcuii diagi-sm of a BAW resonator with a 
capacitor connected in parallel 

Pigiire 5b »ihoN\ ju-s cquivalein circuit diagi-ani of a BAW resonator with a 
capacitor connected in series. 

Figure 6s shows a basic eicment of a filter realized in laddcr~t \pc consiruction 
xvitb a capacitor connected in parallel to a SAW rcjsonator m the serial branch, 

I'igoio xM"" ssKn^ c> tre t;acster fu-K-Jion -A j iV-'.er }'^.\, 'cJ laJocf l; 
eoHcilractJon \Mthout Uiid with a capaciun- couueeted in parallel lo ^ BAW icsor.'^txJ- \r :i-a' 
serial branch, 
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Figure 7 shows a ba,slc clement of a filler rcauizcd in ladder-type construction with 
a capacitor connected in parallel to a BAW resonator in ihe parallel braiicb. 

I-u:Lirj siiovv^ an exemplary embodiment of a filUrr rL-aIr/,xi ivi l'sd;iov-ty\?o 
c^ij-Mracikni ■^^ilh cupaciu>r,s eoaneclod in parallel to BAW Te;->at-!ai5r^ as tb-,.- ;>on:J 
bmiclies. 

Figure 8b shows the trarisfe fimcUon of a filter realized in lattice-t^pe 
construction witboiit and with a capacitor connected in pai'alld to a BAW resimator m the 
serial branch. 

Figwe 9 shq\vs m exemplajy embadirnent of a lilter realiK^^ m lattice-type 
constnietion with eapacitors connected In parallel to BAW resonators in the parsllel 
branches. 

^'^;'\T-^ s;s, a v.o siKcU."-:: ef a vcs>->na'or stack ns u-^<. ?enul bniueh 'm6 ot'ar 
,?dd.i:oiUjl G -cs\'\jur l. >.\c paialicl bioiidi, m cnxuM cu^nm id) and in schematic 
cross-section (b), respectively. 

Figure 1 1 sht>w,s an advantageous exemplary embodimeni of a eotinecston of a 
^e,«oraio-^ i:L , k a/ :''\m addirion.^! SAW tcson-ito- schv""i, \o orc^^-^'cctj.^r 

i'jgji,: 1 ^ho\\,s a conncciion of a iest^s ,ito ^tack t!:c s:'r,:.u huircJ" uzC of an 
,idditional resimatcr ,stack in the parallel branch, in circoii diagjam (a) and in stheiianc 
cro§s-see:tion (bX respectiveiy. 
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DFi Vli bD JEV IIP ON 
Figucs u 4ht.\(-alrj.ad'vbt,ei disi.jsscdeadie ^ 2^ ] 1 
ulu P \ esi natoi with ? ^ p 

icsi<.tor V 1 ht rvMStor desc*ibe«* ios<Jes in *ht e onatoi e t>iv >.apavj < 
^ ! i i 7 n *U a w ^ { ^ L 

tKi. m iL, tSOIUtOJ lit iuditlOlO* ivd^ KX 0 C xOlv^-v 1 if. 

ic^onatoi rcsu K m rcduc icm oi the UTccttvc couph ot tin, rw,»un.*\M iit.h js i >\s 
10 dstennmefi % Cbj/CCo + Cs), instead of CVCe- 

Figero 5b shows aii equivalent circuit diagi'am of a BAW.rejsoHatar witlj a 
capacitor Gb coimeetetl m series to it.: 

15 Aa es^mplary ponijecti oil of two B A W resonators R A m%i KB in ladder4y|7e 

constractH->n ano & capacitor (\ ccor^'cicd in nurallo! so .-u;. L'i<- Tcv^;Li:o:o ;^ in 
Figure da, Resonsiof R-A is arranged m a serial braiich yixi ;osv u<jtos Kh .5 panu'c; 
branch of ^lie circuit. Two resonators connected in tliis manner represent, ibr example, a 
basiic elcntent of s ladder-type filter knowB in ihe mi. 

2(| 

in l-sguj-i- 6a, the cap av'uor d iMeyuited ihe .scnal hxi th ofL.e cnc\n\. I \ 
ihh cosinection, h is connected in parallel to the iserial resonator RA, as a result oAvhioii 
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tbt ^ice ''nt,*?'^ t)f n^c ijglit edge ot tht irar^lcr lunvtion it he r rs^ i o ■> ^ V tan 1 o 

UanMx 5^''io i iie? ( I n icr) u i, dup c\ci, c:5f eciaih a K S i jp ever 

I ij^tUi. 6b ^o\'vs the tfan*;fcr iunction S2i ot a tilia rca /ed n Iaci<ic> vpc 
cons*ruct\>n 1? nhout and \vitii a capautor ^;omieacd li-i parallo if> dBA\\ joso' ato r« 

uJv, \ u ii^Ki^non kiiOwn 1 J ti V an i dsca^cd In <. Jv»srei. 1 k *i > i-.^ 
tunUion ot*d\i. tlltei m iaddcr-t^pc cOxi!!.m?aioa wxih a t.^pauui" connt't^i^sd m p*ir<dk, lo 
B \\\ resonator in the seual himch ts indicated bv d usrimwi s ant? i:^, vihc-tTn Iht, 
Tanst<?r fuiKtson ^nlhis i-abe, liu a '^teqici nsiht edge of the *r^'^s^ sjbios^ ^ano 

In l\rusc the ciipacitoi C'^ js integrated in the parallel branch of the drcuit. In 
this conncd'.oii, it is ooiutecteJ in piU'allel to the parallel resonator RB, as a a^sult of whicb 
the steept^ess of the left edge of the ti'ansfer function; in the Iransmission bisnd can be 
coutK' led r.r*. c\ t-cKMH-d Siion ba^K cicjpoju oarj, for sKsmpk, be used su a reception 
futiv ii io:~s a duplexci, cspe<.-iaih a PCS duplexes 

T^e capacitor Ca can be arn^ngtitl on a came? !»ibNtrate, to|,etlier wut the SAW 

w^siUioat,^ ^ .^r ^!_.<,i.{.c a>»iuci.iu \\it.t toe LAW k or ^ o<>v- {he<1 rfbox c 



it x^ e'S&o jvs-sblc ^h<U the vapav.ito is iw^5/co n *hv t^Ow L/ei e o., iv 

Ail exojDplc uf a coimection oi t%o BAW icjjotiators and RB *■! .a ticc- spe 
con'^l'iicttoa and a canacror C's eonnccttd in p<*ra!lc! io one oi &ait^ ''CfeO*nnv>r'« i& Mowit n 

vtluch, *or (.xetiplc, constitate a basic element oi a film aah/sfJ m !ainc£i~t\'nt 
cosstructioD. 

In Figure 8a, each of two capacitors Ca is integrated in a serial branch, of rhc 
circmt. l.n this a)nBectJon, each is connected in parallel to the corresponding serial 
resonator RA, as a result of which the steepness of the rigli^t eflge of the traasfei- iittJCtioR 
in ti^e ti-ai^smission hand can be controlled mid/or increased. Such a bmc eletnent caii, ibr 
c.xa:r5|.>k\ be used is a transmission filter (Tx filter) of a duplexer, especially a PCS 
duplexsr. 

■^xgvuo 8^ &ho%vs *hc tiani>ier tunctioti $2i oi a filut rcaL-'ed m lat:lcc~^^pe 

..\t-'C(. l^nt v-orstiuU.or KnovMi .n the art is i uUeated by aa-hed Lnc i I 1 >c Ldi-'i.icr 
-17- 



*f svraut. a I sCi^^c. has v t cpc^ugit cJi^i;. o i o baxi 

In ^ 9 each of U'to <^pacitoi C s imcfnated m a Vi Icl b ^ oi *V 
cifcui I t s vonncctior, each connected m parallel to the pa i ici '-evo uto R^"' s \ 

L \^ \ L t * ) ^ S S i 

bam V, J > ii, ' aiKi oi 5 lac scd ^ucl bts^ci;.? i i.-^ ni^ ■'c i ^( 

lecvption fUta (Rx filte ) oi & oupicxcr, c^pecialh d i\ S uiuiexe" 

ton) vs i 4. i.J ^ Kso -iatoi 5sR1 aiid t»ii2 nthcs-usal a^u dii^v.^ ii <Kd on a 
BA\\ n^-^o u ^ It *he pardlkl bianoh llie asonatoi *?tavV »,cmncv,%u UUxsur poits 
ri md r2 exuiiplarvreali/vitio i oi s>idi a u omt i I onn 1 1 svhcn v'OSn sano i 
n figure iOi He resonator tick wrapnscs tht p e oeKanc a\er PS2 ^ jth is 

f^e^ocKttnv a-^e PS2 Ihtport PI xsdevtnvalh t.onni.tte>.lx\ t tl <^ tkctiods^ i I Hii, 
>a\$, cq it.»cv.n Psi aid calKO-i, to example tb<,%sorattr SRI 3' cc ^roiinci, 

^\ «3rv<,\\ 'til Fjns, HuK. taciis iiiOifP f )>. "> jviK bt,iJ Ik 

i- L K^o d5» I? to hgu c 10a ^ •'oai b\ tliO uiMi vQuci ct, co (ckctroacX 
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(piczock'ctnc lixyav) and E5 (electrode), the dcctrcde E:? being ck'cJncally conntc^cd with 
ihe comer olcoirodc E2. In this exemplary emboduncc, nic o .\ a>>oc ^ . ^ncctetl to 
gi-ound. It is also possible thai it be connected to ain^tbcr wucait roi ^ho^sn Ucr' 

Figure 1 1 shows, m schematic m>$s-sectiot), an enibo Jsuicnt of a re$onatx*f mck 
md ai^ additional BAW resonator. The resonator stuck kcludes. irom bo;t('m ;o top, 4 

KS' . a tl^uu c.ccri c c L3. ci icconc. pjsj^oclcijtnc Idsci PS2 and a :>>Jitb e ooi-odc I - 1 x 
resonator stack fomis two resonators arraitgtd on top of one another and coupled wtth ont- 
another by the coupling layer tcosTcspondmg to SRI Jiscl SR2 In Figure EOa), and js 
vX>nnjcLca bo^nocn f ^ and i'2 The oararel bunch oi't!ie c.^ust 5s fo'TicO h> ..k 
^tiditjoaai 5C»cn nor. H\<cr sncladys a third piezoelcctiic k>cr ana eSiJCi-odcs i:? ana 
Jio surrotindinjx :t. Electrodes E2 and E? ai-e comiectcd with electrode E5. lisrc. 
tltjcirode B6 is eonnectcd to ground. It is also possible tha; it bo conr^ectcd to anodicr 
drcait ml slmm here. 

Figure 12a shows ihc circuit disgrasn of a conticctioji of a rcscinator stack if; fne 
scdai branch and another resonator stack in the parallel bnmch between ports Fl aiid F2. 
The first resonator stack includes two resonators SRI a^id SR2 connected in series. The 

aecand resonator stack includes t'.\ o /eson;!ior.-; PRl aaJ PR2 cuisnected iri stries. An 
exernpiary reaiizatioa of tins circuit is shown in scbeniatic cross-scctiori i-i I'igurc i2b, 
llic 6rsl resonator stack is a>nsiructed as shown in Figure 10b. The second resonator 
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*tack 5! cUk^s r mi bottom to lop -jp ckxtiouc ^6 tcoiuccic*' V gromd lO c\ainpIoJ a 

5 

Thoui^i i-'ot <;pccjfically shin\ 1 1 tlic figure, tlic (iower^ *e<;onaior'5 a^e ni this 
v^-'-v < -^"^ .5 nrsuh^r* > ^ ^ <*cojstic nus: t bc.ng pra\ akV, 

m in the mterssi of darity, onlv a few emhodiments are descnbed: however, the 

I OS -'-^ic von '•^u\it f T s nas ckmcntj^ and an4ii|,cni,nis prcsc.itcJ xs. wcJ 
1 \c nairbv^i <\ <nc m saiu lavi." legioi s of the iC:»onator Iho dan is? i«c no*, 'imncd to 
sspcciftc ttcquency r>mgQ or a specif'c ^copo ofappliuitjon Edch oi *hc Uycu \ii ihc 
15 tcjsonatoi actojdiag (e g . tlic pie/.odectnc la>er or iht. ck'tirocis'^ c^i ba\ e a multiia>« 
N'^vK \ < ' att? .an - h cent h i * pi ir x'j a 5 . £ mt ad^acci t to one si oti ei > 

P o/v vku-K '«v. ^ oi nose than onl\ *uo ck\ icat; 

I he vNv'cu ca.1 connections! (mdudrng the coiisiecl v^nss ^'nrntx*) m ibe cxut^pl'^'t^ 
20 V sh f's ^s,s..jbcij k-^ai comai d screte elements, nuchas niiuo''ne''c*v'Ntojfe, 
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